The spread of the invasive and allergenic Ambrosia artemisiifolia L. in Italy was analysed and mapped using distribution data from a wide range of sources. Ambrosia artemisiifolia occupies 1057 floristic quadrants which are mostly distributed in the Po plain. The distribution obtained represents the basis to implement urgent management strategies.
Introduction
Biological invasions are considered worldwide one of the major threats to biodiversity with both ecological and economic impacts (EC 2008; Kumschick et al. 2015) . According to European policies [European Regulation (EU) No 1143 No /2014 there is an urgent need for comprehensive information about occurrence, distribution and impacts of alien species to implement effective management measures aiming at contrasting their invasion and spread (EC 2011; Katsanevakis et al. 2012) . Common ragweed, Ambrosia artemisiifolia L. (Asteraceae) is an annual weed native to the prairie regions of North America; in Europe it is an alien species (neophyte) that has became of main concern due to both its invasiveness (Chauvel et al. 2006; Galzina et al. 2010; Gladieux et al. 2011) and its negative effect on human health as it produces highly allergenic pollen (Ghiani et al. 2012) . In 2009, in Nyon (Switzerland), a multidisciplinary group of scientists founded the International Ragweed Society (IRS; www.internationalragweedsociety.org) with the aim to promote knowledge and solutions concerning this problematic species by investigating its direct and indirect impacts on environment and human health as well as improving education, information, technical development and laws regarding the ragweed control. In 2012, the European Union supported the EU-COST Action (FA1203) on "Sustainable management of Ambrosia artemisiifolia in Europe" (SMARTER) with the aim of developing effective management strategies to control the species at European level also understanding its history and degree of invasion (see www.ragweed.eu). Downloaded by [Universita degli Studi di Torino] at 05:41 12 April 2016 The occurrence of A. artemisiifolia in Europe was first documented at the end of the 18th century, when the species was cultivated in botanical gardens (Allioni 1770-73; Chauvel et al. 2006) . Its spread across Europe probably started later, during the 19th century, from France, Germany and central and eastern Europe, due to accidental introduction events (Hegi 1918; Chauvel et al. 2006) . To date, the species is expanding further toward northern Europe due to its great dispersal ability, perhaps also favoured by climate changes (Brandes & Nitzsche 2006; Cunze et al. 2013) . Across its invasive range, A. artemisiifolia grows mostly in anthropogenic habitats and tolerates different soil and climate conditions: it is widely distributed in disturbed areas such as wastelands, road sides, railways and river corridors (Smith et al. 2013) . Reconstructing the distribution of an invasive alien species is a fundamental step to identify its invasion pattern, the reasons for its success and then to implement control and eradication actions (Lawson Handley et al. 2011; Gentili et al. 2015) . Although the spatio-temporal spreading of invasive species generally proceeds discontinuously, it can be documented through direct field observations, as well as through herbarium specimens. Chauvel et al. (2006) investigated the introduction and spread of A. artemisiifolia and documented its distribution pattern in France using information from herbarium specimens. According to this study, at the end of the 19th century A. artemisiifolia mostly occurred in crop fields (around 80% of specimens); later, it was also found along road sides and in ruderal habitats. Galzina et al. (2013) gathered comprehensive distributional data on the species in Croatia and reported its presence in crop fields and urban and peri-urban areas. Comprehensive distributional data (mostly based on herbarium specimens) were gathered in other European countries or regions, e. g. Austria, Poland, and Serbia (Csontos et al. 2010; Tokarska-Guzik et al. 2011) . Recent studies have predicted its current and future distribution across Europe (Cunze et al. 2013) . In Italy, the first occurrence was reported from the surroundings of Alba (Cuneo province) in 1902, as a casual species in the garden of the Agricultural High School (Vignolo-Lutati 1934 and 1935; Bouvet et al. 2013) , but a comprehensive study on its distribution at national level is still lacking. Our work aims at organising occurrence data of the species gathered from several different sources (herbarium specimens, literature data and field observations) to produce a complete and updated distributional map. This study will contribute to understand and monitor the spreading pattern of A. artemisiifolia across Italy.
Material and methods

Data collection
During the period [2013] [2014] , data on the distribution of A. artemisiifolia in Italy were collected. In particular, we planned to reconstruct the Italian range of the species through three main data sources from scientific museums, universities, regional institutions (botanical gardens, local health authorities, high schools, botanical associations, libraries) and local experts: a) herbarium specimens: specimens stored in 56 institutional herbaria were included and georeferenced (GIS database, UTM ED1950). In the database, only samples identified by expert botanists and reporting precise information on sampling location (along with the date of sampling, the collector, habitat, elevation, etc.) were included (Supplementary File 2). b) published occurrence data: previously published local/regional occurrences, databases and maps were georeferenced and included in the database, e.g. data from the regional Flora of CentralEastern Lombardy (Martini et al. 2012) as well as those from the published data stored in the Piedmont floristic database of IPLA (Selvaggi 2007) were included (Supplementary File 1) . Downloaded by [Universita degli Studi di Torino] at 05:41 12 April 2016 c) direct field observations: unpublished georeferenced occurrences from regional/local botanists and professionals belonging to the Local Health Authorities , eventually stored in regional databases, as the Piedmont floristic database of IPLA (Selvaggi 2007) .
In the analysis, we did not consider specimens collected from the same population on the same date by the same collectors; we also excluded samples of uncertain taxon attribution (after our examination), those lacking detailed information on the locality of collection, and those collected/cultivated in botanical gardens. Finally, we excluded previously published field observations lacking of complete information on the locality and date of collection.
Mapping
The distribution of A. artemisiifolia was obtained by mapping the presence of the species in the grid units of the Central European Mapping System, that is based on the European middle UTM-ED50 reference (Ehrendorfer & Hamann 1965; Niklfeld 1971; Carrea 2008) . The base area is a fourth of the IGM (Istituto Geografico Militare) cartography sheet 1:50.000 (6′ of latitude x 10′ of longitude); each base grid unit is further divided into four equal parts, named "quadrants" (3′ x 5′, i.e. 6 x 5 km). Such a representation allows to avoid mistakes in locating occurrences on the map, especially for those occurrences ascertained through herbarium specimens. The distribution map was built using the GIS software ArcMap 10.1. On the basis of the georeferenced occurrences, a polygonshapefile of the findings and a distribution map for the studied species were created (Figure 1 and Supplementary Figure 1) .
Overlapping with Biogeographic maps
To assess possible biogeographic patterns in the distribution of A. artemisiifolia across Italy, we overlaid its distribution map onto two thematic maps of the main biogeographic subdivisions of Italy 
Results
A total of 3,671 presence records of A. artemisiifolia in Italy were collected from different data sources: (a) herbarium specimens, (b) published occurrence data and (c) direct field observations. These are distributed in 1057 floristic quadrants (Figure 1 ) out of a total of 9272 quadrants in Italy. For the most part, the quadrants occupied by the species are located in northern Italy, in the western Po plain. At now the species has not been recorded in southern Italy (comprising Sardinia and Sicily islands). The northernmost quadrant is located in the Trentino-Alto Adige administrative region, and the southernmost one in the Lazio administrative region (at Rome). The highest elevation at which the species has been recorded is 1834 m a.s.l. at Sestrières Borgata (Val Chisone, TO, Piedmont; see Bouvet et al. 2013) , while the lowest one reaches the sea level, in Emilia-Romagna administrative region (Ravenna sea port). The most commonly invaded habitats are road sides, railways, river corridors and agricultural areas. The oldest specimen from a naturalised population of A. artemisiifolia in Italy dates back to 1902 and was collected in the Agricultural High School of Alba (Piedmont, Alba, T. Ferraris, 1902, herbarium TO). First occurrences of invasion were recorded in Piedmont and Lombardy (see Banfi & Galasso 2010; Bouvet et al. 2013) ; these two administrative regions at present show the highest concentration of occurrences and the highest number of occupied floristic quadrants ( Figure 1A ). According to the collection dates of the herbarium specimens, the occurrences recorded from the eastern Po plain are more recent (Supplementary  File 2 Figure 1A -B-C) (75.40% according to the Rivas-Martinez's biogeographic regions, and 78.48% according to the EU biogeographic regions; see also Supplementary Figure 1) ; only a few quadrants fall into the Mediterranean region ( Figure 1A -B-C-D) in both maps. The Alpine region includes a moderate number of quadrants (24.21% according to Rivas-Martinez's bio-regions and 19.14% according to EU bio-regions).
Discussion
The distribution map of A. artemisiifolia in Italy describes the current status of its establishment across Italian regions, showing differences in the regional distributional patterns. The species is more frequent in north-western Italy (Piedmont and Lombardy), which is also the area with the highest ragweed pollen level in Italy (Makra et al. 2009) . Results confirm that the oldest A. artemisiifolia specimen collected in Italy dates back to 1902. From the north-west Italy, the species probably spread towards north-east, downward the Po valley, where a lower frequency of A. artemisiifolia presence seems to reflect a more recent colonization. Differences in its distribution at a regional scale are also likely due to differences in biogeographic (bioclimatic) characteristics among the Italian regions as well as local habitat preferences. Over the last century the species has greatly spread across Italy Bouvet et al. 2013) . Based on the numerous recent new records and due to the effects of climate change, A. artemisiifolia is expected to further spread (Cunze et al. 2013) , toward higher elevations also, as already observed for Senecio inaequidens DC., another highly invasive species in Italy (Vacchiano et al. 2013) . The records of A. artemisiifolia in the Mediterranean biogeographic region (central and southern Italy) are infrequent and/or ephemeral (like in the surrounding of Florence and Rome). The only significant occurrences of A. artemisiifolia along the Mediterranean coasts are in a) the Marche administrative region (around Pesaro city), that is included into the Eurosibirian (Continental) biogeographic region both in the Rivas-Martinez's (Apennine-Balkan province) and in the EU subdivisions; b) in the Liguria administrative region, that is partially included (where A. artemisiifolia occurs) in the Eurosibirian (Continental) biogeographic region for the Rivas-Martinez subdivision (Apennine-Balkan province). This pattern is in accordance with the large presence of A. artemisiifolia in the Balkans. On the contrary, in areas featuring a typical Mediterranean bioclimate the species is substantially absent. For the southern Italy the species was previously observed in the Calabria region (Conti et al. 2005 ), however such observation was not confirmed later (not included in the map). Such a pattern seems to be confirmed by the species distribution models built by Cunze et al. (2013) and Rasmussen (2013) , which predict a scarce presence of the species in southern Italy and an expansion towards northern Europe. In our opinion, the difficulty for the species to colonize strictly Mediterranean regions could be due to the competition of more adapted species and to bioclimatic filters (Haider et al. 2010; Kueffer et al. 2013) . Prevention of A. artemisiifolia invasion across free regions of Italy requires public education and specific measures to avoid or reduce seeds dispersal from infested areas . If an invasion event occurs the rapid detection, the immediate eradication and management should be applied.
